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{ 10"} Speciroscopy is the use of the absorption, emission, or scattering of electromagnetic radiation by
atoms or molecules (or atomic or molecular ions) to qualitatively or quantitatively study the atoms
or molecules, or to study physical processes. Currently, several alomic spectrometries have been
available for the determination of various metal ions in aqueous samples. Please finish following
queries.

(a) Describe the basic differences atomic absorption and atomic emission spectroscopy.

(b} Why is the inductively coupled plasma (ICP) rarely used for alomic absorption measurements?

2 (10%%) Combined chromatographic and various detection techniques and in particular liquid

chromatography-mass spectrometry {LC-MS) have been contributing in a decisive way to the
progress of lifc scicnces in general. Please define following terms and illustrate their possible
application in the characterization of bio-molecules.

{a) Size-exclusion chromatography
(b) Reverse phase chromatography
{c) Electrospray ionization mass spectromeiry

(d) Spectrophotometry

.3 (10%) Electroanalytical methods are techniques which encompass a group of quantitative and qualitative

methods that are bascd upon the electrical properties of a solution of the analyle when it is made part
of an clectrochemical cell. Please state the fundamental working principle of [ollowing methods and
their relation to charge of analytes, cell potential, and faradic current.

{a) Coulometric method
(b} Potentiometric method

fc) Voltammetric method

4. (10%) Mass Spectrometry is an analytical technique that is used to identify unknown compounds quantify

known matenials and clucidate the structural and physical properties of ions. In general a mass
spectrometer consists of an ion source, a mass-selective analyzer, and an 1on detector. Pleasc finish
[ollowing guenics and state the fundamental working principle of the given examples.

(a) What types of iomisation are available? (please give two jonizsation methods)

(b) What types of mass analyser are available? (please give two mass analyzers)

5.(10%) There are several methods used to prepare aqueous buffer solutions, but the basic principle of all of

i

them is the same: the solution must contain both the acid and the base of a conjugate pair, in
reasonably similar and in reasonably high concentrations. Describe how you might prepare
approximately 500.0 mL or at pH 4.5 buffer solution from 1.0 M acetic acid (HOAc) and sodium
acetate (NaOAc). (Ka=1.75x107, M.W. of NaOAc = £2.034 g/mol)
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6.{10%) In 1857, Michael Faraday discovered that cyanide solutions could dissolve gold in cyanide solutions
in the presence of oxygen. Sodium cyanide is a well-known compound that is often used as a poison
and referred to in detective novels. If you are assigned to titrate 0.0500 M NaCN solution with
0.1000 M HCI. The reaction is

CN™+ Hy0" < HCN + H,0
Please calculate the pH after the addition of (a) 0,00, (b) 10.00, (¢} 25.00, and (d) 26.00 mL of acid.

(Ka of HCN=6.2x10""%)

7.(10%) EDTA is the most commonly used chelating agents as it can form complexes with a wide range of
metals. The ability of EDTA to complex is dependent on its form. The most desirable state is the Y
form. As the pH increases, more EDTA becomes Y*. The formation constant for metal-EDTA
complexes is:

MyY"*]
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It is important to note the requirement for the charge state of EDTA. Leads to a conditional
(ctfective) formation constant

(MY™ ]
[M™][EDTA]

l{.jf =u4Hr =

Based on the principle of EDTA complexation reaction, please calculate the equilibrium
concentration of Ni** in a solution with a NiY” concentration of 0.0150 M at pH (a) 3.0 and (b) 8.0.
(PH 3.0 oq=2.5x10"", pH 8.0 y=5.4x107, Kpiy=4.2x10'%)

(10%) 9. Chemical oxidation offers the several advantages over other treatment technologies. Many oxidants
are currently being examined for remediation of trichloroethylene (TCE) dense non-aqueocus phase
liquid {DNAPL). Potassium permanganate was selected due to its relative stability and persistence,
ease in handling, relatively low cost (~$3.00/kg), and the ability to visually see results of the
application. In order to examine the purity of potassium permanganate, oxalic acid is always used as
standard for the titration of permanganate solution. A 50.00 mL of 0.05251 M Na:Ca(y was used to
titrate 36.75 mL potassium permanganate solution. Please calculate the molarity of the KMnQO,
solution.

IMnOy + 5 HoCh04 + 6H e 2 Mn®™ + 1000, + 8H,0




& W #OOOK OB @m #E MK

Nt TR RO D MEELTEORAAESR |
FH SR B 3bo2 St 3 FIH_3 v *aEatd [E%B) PR

9 (10%4) The important concept for the environmental engineer is that many different biochemical and
chemical reactions must interact to develop the oxidation-reduction potential of a solution. Electrons
move, oxidation states change, and electromotive force can substitute for chemical potential in
chemical oxidation and reduction. A half-cell is governed by the Nernst equation:

RT  Ox
E =E" -—|
gﬂed

where E = electrochemical potential, volis

E® = stapdard potential, volis

R = universal gas constant

T = absolute temperature, * K

n = number of electrons transferred

F = Faraday’s constant, 96,500 coulombs/equivalent

"ox 'and ' red " are the activities of the oxidized and reduced ionic species.

At equilibrium, the electrode potentials for all half-reactions 1n an oxidation/reduction system are

equal.

(a) Please derive a general relationship for computing equilibrium constants from standard-potential
data, where the two electrode reaction are

Agy T 88 < A

Box + be” <= B

(b) Please calculate the equilibrium constant for the reaction.

2MnOy + IMn® + 2H,0 & 2MnOy g + 4H

Where

2MnO. + 8H' + 6e” < 2MnOy + 4H,0  E"= +1.695 V
IMnOy + 12H'+ 68 <= IMn® ++6H,0 E°=+1.23V

(10%) 10.  Pleasc differentiate between
{a) accuracy and precision
(b} systematic error and random error

{c) normal phase and reverse phase chromatography

{d) hard and soft iomzation method

{e) single-beam and double-beam instruments for absorbance measurements

- The end -




